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Abstract

Background Intraoperative cholangiograms (IOCs) may
increase cost, surgical time, and radiation exposure of staff
and patients. The authors introduce the application of
passive infrared imaging to intraoperative cholangiography
as a feasible alternative to traditional fluoroscopic I0Cs.
Methods A porcine model was used in which the gall-
bladder, cystic duct, common bile duct (CBD), and
duodenum were exposed and an 18-gauge angiocatheter
was inserted into the cystic duct. Infrared emission was
detected using a digital infrared camera positioned 30 to
60 cm above the abdomen. Infrared images were taken in
real time (~1/s) during infusion of room-temperature
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saline. A thermoplastic polymer stone then was inserted
into the CBD. Once the artificial stone was placed, room-
temperature saline was again injected. A standard single-
shot renograffin IOC was obtained to confirm the obstruc-
tion. The experiment was concluded by creation of a lateral
2-mm CBD injury immediately proximal to the duodenum
followed by infusion of room-temperature saline.

Results  Six pigs were used in this study. Baseline
infrared imaging was able to capture a visible temperature
decrease, outlining the lumen of the CBD. With injection
of room-temperature saline, a decrease in temperature was
visualized as a dark area representing flow from the CBD
to the duodenum. After placement of the synthetic stone,
real-time infrared images displayed slowing of the injec-
ted bolus by the obstruction. The obstruction was
correlated with fluoroscopic IOCs. Finally, after partial
transection of the CBD, the infrared camera visualized
saline flowing from the site of injury out into the perito-
neal cavity.

Conclusions The CBD anatomy, obstruction, and injury
can be clearly visualized with an infrared camera. Intra-
operative infrared imaging is an emerging method already
being used in several surgical fields. Ultimately, the inte-
gration of infrared and laparoscopic technology will be
necessary to make infrared technology important in lapa-
roscopic cholecystectomy.
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Abbreviations

IR infrared

10C intraoperative cholangiogram

RIOC routine intraoperative cholangiogram
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Laparoscopic cholecystectomy (LC) has revolutionized the
way gallbladder disease is treated [1]. However, due to the
limitations in visualization during laparoscopy, common
bile duct (CBD) injuries have become significantly more
common. The rate of CBD injuries is estimated to be 0.1%
to 0.2% for open cholecystectomy and 0.2% to 1.6% for
LC, a rate approximately three times greater than that for
its open counterpart [2-7].

These injuries are caused most often by misidentifi-
cation or misinterpretation of biliary anatomy [8]. Ludwig
et al. [9] showed that operation-relevant variations in the
extrahepatic biliary system occurred for 12.8% of patients
undergoing LC, whereas Moossa et al. [10] showed that
variations in biliary anatomy play a role in 10% to 19% of
CBD injuries.

Unrecognized CBD injuries can lead to severe morbidity
secondary to biliary strictures and the need for reoperation
[11]. Given such serious complications, routine intraoper-
ative cholangiograms (RIOCs) have been proposed as a
means to clarify biliary anatomy and detect injuries early.
With RIOCs, up to 90% of CBD injuries can be detected,
whereas only 42% of injuries are detected with selective
intraoperative cholangiograms (IOCs) [9]. Despite their
utility, RIOCs remain controversial because they increase
cost, operative time, and exposure of patients and staff to
radiation [12].

To address some of these disadvantages, alternative
imaging methods such as laparoscopic ultrasound (LUS)
have been introduced [13]. Because LUS is less expensive,
safe, and performed more quickly during surgery, its rou-
tine use may be more acceptable, with selective 10Cs
performed only if LUS fails. Although LUS is as effective
as IOC in detecting CBD stones, its ability to visualize
biliary anatomy is inferior to that of IOC [13]. In addition,
LUS carries with it several disadvantages such as a steep
learning curve and the need for special equipment. It also is
examiner dependent [13].

An emerging method is the application of infrared
imaging in the assessment of organ perfusion and anatomy.
Infrared imaging can provide anatomic detail and infor-
mation about tubular flow by detecting minute differences
in heat between tissues. Recent advances in infrared
imaging has allowed for accurate detection up to 0.01°C.
Instead of radioactive contrast, cold or warm saline can be
used to depict anatomy and flow through tubular structures.
Thermal coronary angiography, which uses infrared tech-
nology to assess coronary artery bypass patency, is a
similar technology being investigated for use in cardio-
thoracic surgery [14, 15].

Given the concerns associated with RIOCs and the need
for effective intraoperative biliary imaging, infrared tech-
nology may be a useful addition to LC. In this study, we
evaluated the ability of infrared imaging to provide useful

@ Springer

and accurate visualization of the biliary system in a porcine
model.

Methods
Infrared camera

An advanced infrared camera (Lockheed Martin IR Imag-
ing Systems, Inc., Goleta, CA, USA) with an internally
cooled infrared focal plane array detector (320 x 256
pixels) was used to capture temperature gradients across
exposed tissue by passive detection of infrared emission.
Infrared emission at the measured wavelength (3-5 p) is
directly proportional to temperature, and the camera has a
sensitivity up to 0.02°C. It is mounted on a Zeiss operating
microscope stand to provide stable positioning and
mobility directly over the operative field. An electric
cooling device is activated 20 min before imaging to
maintain the camera’s detector at an optimal operating
temperature. The camera then is positioned 30 to 60 cm
above the biliary system. The typical field of view includes
the gallbladder, cystic duct, CBD, and duodenum, pro-
ducing a spatial resolution for individual pixels of
approximately 1 mm per pixel. Sequential infrared images
are obtained at 1 frame per second for 250 to 600 s and
digitized at 14 bits per pixel. Images are stored on a laptop
computer mounted on the microscope stand and projected
in real time on the operating room wall in pseudocolor.

Animal experiments

All animal procedures were approved by the Institutional
Animal Care and Use Committee (UOB-006) at the
National Cancer Institute. The animals were maintained in
accordance with guidelines issued by the Institute of Lab-
oratory Animal Resources, National Research Council.

Six male Yucatan pigs 7 to 8 months of age and
weighing 23 to 28 kg were used for this pilot study. The
pigs were maintained under general anesthesia using 1%
isoflurane.

Once adequate anesthesia was established, a midline
laparotomy was performed followed by isolation of the
gallbladder, cystic duct, and cystic artery. A cholecystot-
omy was created, from which bile was evacuated, and an
18-gauge angiocatheter was inserted into the gallbladder
then secured in position.

Baseline images of the gallbladder, cystic duct, CBD,
and duodenum were obtained. Room-temperature (22°C)
or warm (37°C) saline contrast then was injected into the
gallbladder via an 18-gauge angiocatheter, and infrared
images were acquired during infusion. Next, a cholecys-
tectomy was performed, and the cystic duct was cannulated
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Fig. 1 Visible light image of the general surgical field after
cholecystectomy and placement of a catheter through the cystic duct.

with an 18-gauge angiocatheter (Fig. 1). Saline contrast
was infused again, but via the cystic duct, while infrared
images were captured.

An obstruction then was introduced using a 1-cm syn-
thetic thermoplastic polymer stone. The synthetic stone
was passed in a retrograde manner through the ampulla and
into the CBD via a duodenostomy. Saline contrast was
infused into the angiocatheter while infrared images were
captured. The obstruction was confirmed by performing a
single-shot renograffin IOC.

Next, an injury was created by a 2-mm transverse lac-
eration to the CBD 2 cm above the duodenum. Saline
contrast was again infused into the cystic duct, and infrared
images were captured.

Infrared image evaluation

A series of nine randomized infrared images were pre-
sented to two surgeons at the National Naval Medical
Center for blinded evaluation. The series comprised three
images of normal anatomy, three images of CBD
obstruction, and three images of a CBD injury. Neither
surgeon had ever used infrared imaging. Therefore, sample
infrared pictures of normal biliary anatomy, CBD
obstruction, and CBD injury were shown to each evaluator.
The reviewers then evaluated each image on four param-
eters: ability to visualize CBD, duodenal anatomy, filling

defect, and leakage of contrast. In addition, comments from
the reviewers were elicited for each of the images.

Results

Infrared imaging was successfully performed for all six
animals. The baseline infrared images were capable of
visualizing biliary structures even before the injection of
saline contrast.

With infrared imaging, the lumens of the CBD and
duodenum can be visualized as areas of lower infrared
intensity surrounded by areas of higher infrared intensity
representing surrounding tissue (Fig. 2a). After injection of
room-temperature saline into the CBD, an area of low
infrared intensity can be seen extending unimpeded
through the biliary system highlighting the anatomy of the
CBD and the duodenum (Fig. 2b). The area may appear
larger than the actual luminal size due to cooling of the
areas immediately outside the CBD and duodenum.

Proximal anatomy also may be visualized, as demon-
strated in Fig. 2c. Using warm saline contrast, the hepatic
ducts together with the CBD and duodenum can be visu-
alized as areas of increased infrared intensity.

Both the infrared camera and renograffin I0Cs were
able to demonstrate an obstruction in the CBD. Unlike the
previous images, these showed no evidence of flow into the
duodenum after injection of room-temperature saline
(Fig. 3a). Instead, we could see an area of low infrared
intensity just distal to the angiocatheter that stopped
abruptly in the CBD. The renograffin IOC confirmed the
obstruction. It was illustrated by a radio-opaque area that
stopped abruptly at the site of obstruction (Figs. 3b and 4).

A 2-mm injury was successfully created for all six ani-
mals. Infrared imaging was able to demonstrate the injury by
visualizing an extravasation of infused room-temperature
saline into the operative field. This leakage was represented
by a general area of low infrared emission (Fig. 4).

Two surgeons presented with randomized infrared
images were able to identify all images demonstrating
normal anatomy. However, they were unable to identify the
duodenum in two of the three images. Both were able to
identify filling defects and leakage of contrast in two of the
three images. The surgeons commented that the images
they could not identify correctly, either anatomically (the
duodenum) or pathologically, were difficult to interpret and
would require further study.

Discussion

Since the introduction of LC, there have been many efforts
to reduce the rate of CBD injury. Standard principles and
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Fig. 2 Corresponding infrared
imaging of the common bile
duct (CBD) and duodenum after
cholecystectomy. (a) View of
the biliary system before room-
temperature saline infusion. (b)
View after injection of room-
temperature saline into the
CBD. Saline can be seen
flowing unimpeded from the
CBD into the duodenum. (c)
Warm saline contrast
demonstrating proximal and
distal biliary anatomy

Duodenal
Lumen

Syringe
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IOCs have been introduced to prevent such injuries [16].
The benefits of RIOCs have been studied extensively and
have shown promising results in the reduction of CBD
injuries. Despite these potential benefits, no consensus
exists to date regarding the routine use of IOCs because of
increased cost, surgical time, and radiation exposure.
Alternative imaging methods such as LUS also have been
considered for addressing some drawbacks of radio con-
trast IOCs. However, their accuracy and feasibility are
controversial [13].

Infrared imaging technology may be a feasible alternative
for addressing many drawbacks of traditional RIOCs. Using
real-time infrared assessment, we were able to demonstrate
biliary anatomy, obstruction, and injury clearly.

Due to the drawbacks of RIOCs, the majority of sur-
geons use them only selectively. Typically, IOCs are used
only when the suspicion for injury is high or clinical or
radiographic signs suggest the presence of a CBD stone.
Besides the problems with increased operative time, cost,
and radiation exposure, there are several additional con-
cerns about IOCs that prevent the routine use of RIOCs.
Opponents of RIOCs also are concerned about iatrogenic
injury caused by mistaken cannulation of the CBD [17].
There is further concern about unnecessary exploration of
the biliary system because the sensitivity of IOCs for CBD
stones is not well established [18].
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Our results demonstrate that infrared imaging may be
both a feasible and useful application to intraoperative
imaging and may have several advantages over traditional
IOCs. As our images illustrate, infrared imaging has the
sensitivity to distinguish luminal and solid structures even
without contrast. When saline contrast is used, the course
of the CBD is clearly demonstrated.

We successfully demonstrated the presence of a CBD
obstruction, which was confirmed by a single-shot re-
nograffin IOC. Biliary injury also was visualized easily
as an extravasation of saline contrast. Using blinded
evaluation, we demonstrated that surgeons new to the
imaging method can identify important structures and
pathology. Although unfamiliarity with the technology,
poor orientation of images, and the lack of real-time
feedback may have contributed to the evaluators’
inability to identify all the images correctly, they were
able to distinguish these as difficult-to-interpret images
requiring further study. This suggests that infrared
imaging may provide a useful screening tool to be fol-
lowed by standard fluoroscopic imaging in questionable
cases or instances of pathology.

Infrared imaging has the potential to address many
drawbacks of fluoroscopic IOCs. With saline used as
contrast, there is no concern about excess radiation

exposure. The room-temperature saline also quickly



Surg Endosc (2008) 22:2659-2664

2663

OBSTRUCTION
BY STONE

Fig. 3 Infrared and single-shot renograffin intraoperative cholangi-
ogram (IOC) of a common bile duct (CBD) obstruction created by a
synthetic stone. (a) Infrared image with black and white color scheme
demonstrating an impedance to contrast flow. (b) A renograffin IOC
confirms the successful obstruction

equilibrates to the surrounding temperature, which allows
for convenient repeat imaging of the biliary system.
Additionally, we were able to image the CBD by
injecting saline contrast via a cholecystomy. This is
important because CBD injuries are another concern with
I0Cs.

To address the problems of surgical time and cost
associated with RIOCs, we currently are developing a
laparoscopic camera that will have the capability of alter-
nating between visible and infrared spectra. This camera
would allow for rapid acquisition of IOCs without the need

SALINE LEAK

Fig. 4 Infrared image of the biliary system after a 2-mm injury to the
common bile duct (CBD). Extravasation of room-temperature saline
is demonstrated by the low-intensity area surrounding the CBD

for additional staff or equipment. We also are collaborating
to develop an algorithm for fusing infrared and visible
images to provide an integrated display [19].

Another important advantage of infrared imaging is that
the images are acquired in real time. This can provide
surgeons with constant anatomic information that can adapt
to the changing operative field and may even help decrease
operative time.

Although RIOCs may have many disadvantages, their
benefits in LC have been well documented and studied. We
have shown that infrared imaging may have the potential to
address the issues regarding surgical time, cost, and radi-
ation exposure associated with RIOCs. Coupled with the
development of a laparoscopic infrared camera and an
algorithm for image fusion, this technology may play a
significant role in the future implementation of RIOCs.
However, these results are preliminary, and we cannot
accurately predict the sensitivity and practicality of this
technology. Clearly, this method will need to be studied in
a clinical model that contrasts standard fluoroscopic I0C
with infrared IOC for further development of these prom-
ising results.
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